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INTRODUCTION 
A common complaint among hydrophilic contact lens 
weaiers is that visual acuity is inferior to that obtained 
with hard lenses or spectacle lenses. 1 Another common com-
plaint is that visual acuity wi th soft lenses is variable. 
The use of Snellen notation as a description of vision is 
found to b~ inadequate since many patients report poor 
vision even when good visual acuity is achieved~ 2 
As new hydrophilic contact lenses gain FDA approval, 
it is reasonable to assume that more patients will be fit-
ted with soft lenses, and thus, increase the possibility 
that practitioners will be faced with the dilemma of not 
attaining 20/20 visual acuity with this type of lens. We 
propose to develope a means of assessing the manner by 
which hydrophilic contact lenses conform to varying amounts 
of corneal asphericity. 
LITERATURE REVIEW 
Visual acuity with hydrophilic lenses is us\.uilly one 
Snellen line less than that achieved ~ith spectacle lenses. 2 ' 3 
Visual acuity with regular hard corneal c9ntact lenses is 
found not •to differ significantly from that achieved with 
sp~ttacles. Visual acuity is found to be variable with 
hydrophilic contact lenses~ Snellen acuity fails to pro-
vide an. accurate des.cription of the vision produced by hy-
drophilic lenses :since many patients comptain of poor vision 
.. 2 "". 
even when 20/20 acuity was achieved. The most common cause 
of rejection of the hydrophilic lens is unacceptable vision 
even though 20/30 or better acuity had been ach:leved. 2 
. . . 
All hydrophilic contact ·.lenses should be .· verified be.:. 
fore dispensing; otherwise, faulty ·lens . parameters could 
contribute to an unsuccessful fit. The power of the B & L 
Soflens has been shown to vary from that indicated on ~he 
. 1 4 v1a • The lenses tend to be signi f icantly greater in minus 
power as shown by measurement with the lensometer and the 
.· ·. 4 power effect of the lens when on the human eye. 
Studies have shown that most of the corneal toricity 
is linearly transferred to the front surface of . the hydro-
philic lens. Since the hydrop~ilic lens doesn't eliminate 
corneal cylinder, approximately 84% of the refractive cyl-
inder will be manifest as the residual astigmatism. Astig-
matism alone may not be the limiting factor since Sarver · 
has shown that it is possible to have good visual acuity 
with a large residual astigmatism. 2 It is also possible to 
. : . . 
have poor visual acuity while no residual astigmatism is 
manifest. 2 · Hydrogel lens manufacturer§ recommend use of 
. . . , . . . . . . 
thicker lenses to reduce .the residual astigmatism. However, 
. ·:· . . 
corneal toricity is transferre~ directly · through the lens 
regardless of the thickness. 5 The hydrophilic lens actually 
behaves .as though it were an extension of the cornea, since 
it conforms so closely.z,s,s Feldman reports that residual 
astigmatism became an important limiting factor to visual 
acuity only when coupled with a large difference ·. between · 
- 3 
the ~ccentricity values of the two m~jor me~idians. Alsri , 
he was unable to establish a relationship between refraction 
and ·keratometry . that would explain poor acuity. 6 
. . . . ' . . 
Changes in spherical aberration have also .been postu• 
lated as a contri6utor to the reduced visual acuity. 12 Cal: 
culations have been performed and measurements made which 
show that there is no significant difference in the amount 
of spherical aberration when hard and soft cantact lenses are 
worn. 7 Other contributing factors may be flexure of gel lens 
due to lid tension or inferior limbal bearing .due · to effects 
of gravity, lens movement or lag, lens rotation, poor cor-
nea-lens bearing relationship, improper diameter, 5 improper 
blink and dehydration. 
When • gel contact lens is placed on t~e eye, it tends 
to conform to the corneal contour; and it is usually assumed 
that no fluid lens exists. It is rec()gttized, however, that 
the conformation of the lens is not always complete; . and 
4 that sometimes a significant fluid lens will be present. 
According to Sarver, a given lEms will undergo steep- . 
- ening or flattening flexure . up to some limit imposed by the 
physical properties of ~he lens and characteristics of the 
cornea. If this limit is surpassed, then the lens will 
support a fluid lens which may be of sufficient magnitude 
to negate any positive fle~ure of that lens. 9 
From his work with PEJC, Feldman has shown that corneal 
. . 6 
eccentricity can influence the tear layer thickness. His 
data demonstrates that the greater the eccentricity, the 
... 4 ~ 
more flattening occurs paracentrally; and this ~n turn ca~ses 
a greater apical cle~rance. ihis explains the peculiar oc~ 
curance of "steep symptoms" with lenses fitted non K''. With 
lower eccentricities, an "on K" fit can exhibit excessively 
"flat . symptoms" •. 
The range of no.rmal eccentricities in the population 
. . . . 10 
is 0.200-0.800 peeking at 0.500. The normal range of 
shape factors for the same population is ~0.15-+ .0.60. 10 
Patients with eccentricities outside of the normal range 
are likely to be unsuccessful in their attempts to wear 
hydrophilic lenses. This is especially true when the ec-
centricity is normal in one meridian and atypical in ano·ther. 6 
Feldman arrived at an empiricle screening criterion to 
evaluate all patients prior to the fitting of B & L Soflens. 
The criteria rot a successful fit are: 
1. Bccent~icity values ~hould be within the 
range of 0.2oo-0.7no~ · · 
2. The keratometric and refractive cylinders 
should agree within o.so diopters. 
3. The .arithmetic differ~nce between the ec-
centricities -of the major meridi~ns , should 
not exceed 0.300. · · 
On the basis· of the above criteria, Feldman screened 193 
. . . . 
. patients, of which 122 were selected for fitting. 113 
(92.6%) of these beca~e su~cessful wearers of the B & L 
Soflens~ 6 
The PEK, though useful in screening potential B & L 
Soflens wearers, cannot be used to obtain· a readout of 
parameters for an initial lens. While the computer can 
·- 5 
describe the amount of corneal peripheral "flattening, it 
. , • ' 
cannot suggest parameters for a · tens whichdemonstrates an 
alteration in base curve to achieve the desired power. 6 
Because .the peripheral cornea~lens contour relation-
ship is so critical in determining the final effective 
power of the lens, the keratometer readings are virtually 
useless in determining ·the best fi t lens~- The keratometer 
is effective only in monitoring corneal changes induced by 
. . 6 
soft lens wear. 
The .corneas of R & L Soflens patients were monitored 
for diurnal variations. 8 The average horizontal curvatuie 
was found to vary less than 0.25 diopters, while the ver-
ticle curvature varied slightly mrire than 0.25 diopters. 
These results indicate that. there is considerably less 
diurnal corneal change with B & L Softens than .there is for 
the conventional hard contact lens wearers. Other studies 
of diurnal variation of corneas on subjects not wearing 
contact lenses do not show any significant difference from 
those wearing Softens •11 Using the PEK, To.mlinson also 
found the corneal changes to be very slight. He also demon-
strated that small changes can occur in the . corneal shape 
without being transmitted to the front surface . of the contact 
lens. 8 
The intent of this project is to measure corneal aspher~ 
icity by means of the Wesley~Jessen System2000 photOkera-
. . 
toscope and also to investigate the presence or absense of 
a covariation in acuity with the stand~rd Snellen chart. 
- 6 -
The data will be used to answer the following questions: 
1. Is dayti~e visual acuity altered by distor-
.tions by asphericity (the shape factor} or 
changes in asphericity? 
2. Is there a significant difference in the mag-
nitude 6£ the resultant between the group 
achieving 20/20 acuity and that group not 
achi~ving 20/20 acuity and not attributable 
to a power error? 
3 ~ Does a covariation between asphericity and 
visual acuity over time fail to exist? 
METHODS 
Eleven subjects presenting themselve~ at the Pacific 
University College of Optometry for soft contact lenses were 
selected ·to participate in this study. Their ages ranged 
from sixteen to forty years. Keratometry values ranged 
from 41.50 KD to 45.00 KD for the flattest meridian. Cor-
neal cylinder rang~d from .12 KD to 1.75 xn~ · The. spherical 
. . . . . . : 
refract~ve error ranged from -1.25 diopters to -6.00 diopters 
with refract,ive astigmatism ranging from zero to -. 75 diop- · 
ters withthe rule. All refractive errors are referenced 
to the spectacle plane. 
This sampling was drawn from the general clinic popu-
lation lihere the examination and the selection of the best 
fit lens was being done by the intern who was assigned to 
that case. 
Of .the original eleven subjects, four were unable to 
continue in the study due to damaged or lost lenses or for 
medical reasons. Therefore, only seven subjects were able· 
to participate for the full two and one-half month period. 
- 7 -
METHODS AND MATERIALS 
Visual acuity was determined by the use of standard · 
optometric equipment which included theprojected Snellen 
chart in a twenty-foot-long roomat an ambient light level 
of seven· foot-candles. The base line acuity was determined 
during the initial examination. At the time of initial 
dispensing, visual acuity was measured after a suitable 
adaptation period had elapsed. Acuity was remeasured dur-
ing each progress evaluation as the initial step. The 
Wessley-Jessen System 2000 Photokeratopscope was used to 
.measure th~ corneal topography. This system describes hOw 
the surface .contours depart from being spherical in the ma-
jor and minor meridians. Measurements of each eye were 
taken twice during each examination period. Upon arrival 
at the clinic, a keratogram of the lens .in situ was taken. 
Fol~owing the progress evaluation, a second keratogram was 
taken of the eyes with thelenses removed. The visual 
acuity measurements and keratograms we.re taken during per-
iodic examinations · over a ·two and one-half month period. 
Any observed relationship }>etween the corneal and hydrogel 
lens shape factors was and will be referred to as the re-
sultant. 
In addition to the contact lens patients, three student 
interns were selected to particip~te in a reliability group • 
. All had visual · acuity correctable to 20/15, corneal cylinder 
ranging from .so KD to 1.75 KD, and refractive cylinder 
ranging from -.25 to -1.25 diopters with the rule. None of 
- 8 -
the thre~ had worn contact lenses in the past three years; 
and ther~ was no pathology present. Four succ~ssive kera-
tograms were taken of each eye in a period of a few minutes. 
These keratograms were analyzed along lvi th those of the con-
tact lens ~ patients to determine the reproducibility -of mea-
surements and the amount of variation in a normal cornea 
not having worn a contact lens. 
RESULTS 
The scatterplots in Figures 1 and 2 graphically depict 
the magnitude of change in asphericity of the major refiact-
ing surface of the eye while no measurable change in vj.sual 
acuity occured. The ordinate repre~ents visual acuity in 
decimal _notation while _the abscissa represents the changes 
in shape factor that occured over the time period monitored. 
Figure 1 represents the data taken from our contr.ol group 
who wore no contact lenses, while Figure 2 represents the 
data taken from the experimental group without the contact 
lens. Figure 3 then represents the same data taken from 
the experimental group with the soft contact lens in place • . 
Part A of each figure is the -representation of the change 
in shape factor of the horizontal meridians; and_ Part B 
contains -the same information for the vertical meridians. 
Part C represents the change in anterior surface toricity 
over time as determined by the difference between the hori-
zontal and vertical meridian shape factors as a function 
of time. 
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Visual inspection of these graphs shows a notable range 
in shape factor· for all three conditions. While the range 
varies considerably, the difference in the three conditions 
for the horizontal, vertical and difference categories was 
not significant as determined by the student t test. 
Subjects in this study reporting less than normal (20/20) 
visual acuity with hydrophilic lens es achieved 20/20 or bet-
ter during the course of the over-refraction. Therefore, 
Question Number 2 could not be dealt with as proposed. Within 
this experimental group, the magnitude of the resultant for 
both meridians had a range of 0.00 to 0.42. This suggests 
that the major refracting surface can fluctuate in as~hericity 
within this. range and not alter the measurable daytime visual 
acuity. 
X 
X 
X XX X X X 
XX .xxxx X X XX X X XX X 
XXX xxxx X XXXXXXXXX xxxxxxxx· XX X X 
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RESULTANTS 
In answering Question Number 3, no covariation of aspher-
icity and iisual acuity could be found within this group. 
Figure 4 shows that the range of asphericities and visual 
acuities recorded at the time of the first keratograms was 
' I ! 
CHANGE rN VISUAL ACUITY 
FIGURE 4 
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0.01 to 0.24 and 20/15 to 20/30-2 respectively~ The range 
of a~phericities and visual acuities at the time of the sec~ 
ond keratograms was 0.01 to 0.24 and 20/20 to 20/20-3. 
Virtually the same range of shape factors and acuities was 
found at the time that the third keratograms were taken. 
Figure 4 indicates that the shape factor of the major 
refracting surface of the eye-soft lens system and the visual 
acuity can vary independently of each other. Had a covaria-
tion been observed, the graph would show a linear function 
with a negative slope. Any increase in shape factor toric-
ity should result in - decrease in visual acuity and vice 
versa. 
Figure 5 is a scatterplot relating the change in shape 
fact~r to the sphere~equivalent of the over-refraction. that 
was determined within ten minutes of the taking of the kera-
togram. One quickly sees that the ~agnitude of anterior 
surface toricity cll.anges, as determined . by shape factors, 
does not significantly alter the sphere-equivalent of the 
over-refraction riecessary to obtain 20/20 or better acuity. 
We must also assume from this that .no supplemental 
p~wer effect has been realized with the ranges of change 
in shape factor observed in this study. 
DISCUSSION 
At the outset, this study anticipated that some sub-
jects would have poor visual acuity while wearing hydro~ 
philic contact lenses. The redticed ·visual acuity was ex-
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pected to result from distortibn of the contact lens in 
conforming to a peculiarly shaped cornea. A range of cor:.. 
neal asphericity was expected to be found in which the 
hydrophilic lens could conform with limited distortion and 
still allow normal 20/20 acuity. Corneal asphericities 
falling outside this range would not allow the lens to 
conform without distortion such that normal acuity was 
unobtainable. Due to distortion of the hydrophilic lens, 
this lowered acuity could not be corrected by a simple 
sphero-cylinder over-refraction. 
Working with B & L Soflens, Feldman found a range of 
corneal asphericities compatible with that lens. A success-
ful fit was achievea on 92.6% of the patients with corneal 
asphericities within this range. 6 This study included B & L 
Soflens, Hydro~urve II and Naturview lenses and found it 
was not li~ited by this range · for achieving successful fits 
with good visual acuity. This could be due in part to sev-
eral factors such as the lens sizes resulting in various 
amounts of scleral coverage, the lens design where B & L 
Soflens ls spin cast resulting in aspherical bases while 
the Hydrocurve and Naturview are lathe cut resulting in 
spherical bases, and the fitting method where. Hydrocurve 
arid Naturview do not include power as a parameter for the 
physiological fit. 
Since all subjects participating in this study were 
able to achieve good acuity, two groups . could not be formed 
as originally proposed. Although the shape factors and 
.,. 12 -
toricity varied markedly, the visual acuity remained stable. 
This lack of effect was reinforced by a variation of only 
0.25 diopters sphere-equivalent in the over-refraction in 
75% of the sample. 
The inability to form two groups prevented addressing 
the questions originally put forth since all subjects at-
tained good acuity. One parameter which was not monitored, 
however, was pupil size. All pupils would have been rela-
tively constricted due to the lighting conditions which would 
tend to sustain good acuity by blocking the more peripheral 
light rays. 
The ~ignificance of this study is that the major re-
fracting surface of the eye-lens system can undergo changes 
in asphericity with no associated change in daytime acuity. 
When good acuity cannot be achieved with diagnostic lenses, 
front surface flexure may be the limiting factor. 
Subsequent studies .of front surface hydrophilic lens 
topography and its relationship to visual acuity would do 
well to consider additional controls such as: 
1. Subjects should be limited to those unable 
to achieve 20/20 visual acuity during diag-
nostic fitting with a sphero-cylinder over-
refraction included. · 
2. Several different designs of hydrophilic 
lenses should be fitted to determine the 
unique influence of a given cornea. 
3. Visual acuity sh01,1ld he measured by a more 
critical method than the Snellen· Chart such 
as the spatial frequency grating. · · 
4. Visual acuity in the dark adapted state should 
determine the effects of a larger pupil size. 
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SUPPLEMENTARY DISCUSSION 
Figues 6, 7 and 8 graphically depict the lines 
of best fit as determined from shape factor data taken 
from the naked cornea and 'then from the soft lens worn 
on that same cornea. Figure 6 represents data taken 
from the horizontal meridian; Figure 7 represents data 
from the vertical meridian; and Figure 8 represents 
anterior surface toricity data which is the difference 
between shape factors for the two meridians. 
The slope of the lines representing the three dif-
ferent lenses is similar in that all are approximately 
0.20 but with the absolute magnitudes differing markedly. 
One should expect the Hydrocurve and Naturview lenses to 
have a shape factor greater than the cornea in both merid-
ians as well as in anterior surface toricity. The Baush 
and Lomb lens, however, can b~ expected to yield a shape 
factor less than that of the cornea and with a reduced · 
amount .. of torici ty. This may be due to the larger diame-
ters, flatter base curves and spherical posterior apical 
radiuses along with reduced center thicknesses of t}le 
Hydrocurve and Naturview lenses. These factors could con-
ceivably ·allow those lenses to conform more closely to the 
cornea than the Baush and Lomb lens. 
The Baush and Lomb lens repeatedly yielded a decreased 
shape factor in both meridians as well as in the transferred 
toricity. Sampling of a larger population o:f B & L lens 
wearers may yield a somewhat different outcome; however, 
l 
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so this finding should not be taken too seriously. 
Figure 9 is a best plot representing transfer of tor-
icity from the cornea to a non~toric hydrophilic lens. 
Actual data points have been omitted for simplicity. One 
can quickly see that the Naturview and Hydrocurve lenses 
both transmit corneal toricity in about the same proportions 
and in approximately the same magn i tudes . We can assume 
from this data that these lenses would best correct those 
patients having low refractive cylinder combined with higher 
corneal cylinder. These lenses would do little to correct 
those patients having a moderate to high refractive cylinder 
regardless of the magnitude of corneal cylinder. 
Low amounts of corneal cylinder appear to transfer most 
completely while the magnitude is considerably less with 
moderate amounts of corneal cylinder. Based upon this ob-
servation, one might expect the formation of some amount 
of tear prism on more highly toric corneas. This phenomena 
could, therefore, cause some persons to become less astig-
matic through the application of hydrophilic contact lenses. 
The negative slope calculated for the B & L lens is 
highly questionable since only four data points were used. 
Further study should be done to determine the validity of 
this observation. If this were a reliable and repeatable 
phenomena, then this migh~ be the better lens to try on 
high astigmats with high corneal toricity. 
Much work quantifying the transfer of corneal cylinder 
to the anterior surface of the hydrophilic lens to determine 
, I 
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the characteristics of the individual lenses should be 
done. 
It has been reasoned that a soft contact lens can be 
verified for power by finding the difference between kera-
tometry readings taken over the lens and the keratometry 
value for the flattest meridian of the naked cornea. Our 
study included all of the necessary information for this 
to be dealt with. All of the keratometry readings are those 
found by the photoelectric keratometer and, therefore, are 
not the standard ophthalmometer reading. Figure 10 shows 
a scatterplot of the actual marked power of the lens com-
pared to the power arrived at by finding the difference in 
K readings. The plot is broken into the three lens types 
used. All of the powers are related to the 1:1 line. From 
this it can be seen th~t the large majority of measured 
powers are less than the marked lens power. For the Nattir-
view lenses, the range of differences was 0.96 diopters less 
to 0.96 diopters greater than marked. The B & L Lens showed 
a range of 0.50 to 1.43 diopters less than ~arked. The 
Hydrocurve lens range was 1.83 diopters less to 0.30 diopters 
greater than marked . This is a gross and unreliable method 
of verifying the power of hydrophilic contact lenses. 
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